The uptakes of molecular iodine and bromine by both strong acid cation (Dowex 50W-X4 and X8) and strong base anion (Dowex 1-X4 and X8) exchange resins have been studied in aqueous solutions at 25°C. An empirical formula for the amount of solute taken up by the resin in mmol per gram of dry resin, Q, as a function of the solute concentration in M (mol dnr3), C, was derived. Direct proportional relationships between Q and C have been found, except for the bromineanion exchanger system. In contrast to the cation-exchange resin, the anion exchanger exhibits extremely high affinity for I2 and Br2. We recently studied the uptake of alkanes and alcohols,1 cycloalkanes and bicyclic aromatic compounds,2 as well as benzene and alkylbenzenes3 by ion-exchange resins from aqueous solutions. We demonstrated that the uptake of these solutes is governed by partition, rather than adsorption. The distribution constants of these organic nonelectrolytes have been found to increase with the octanol-water partition coefficient.
We recently studied the uptake of alkanes and alcohols,1 cycloalkanes and bicyclic aromatic compounds,2 as well as benzene and alkylbenzenes3 by ion-exchange resins from aqueous solutions. We demonstrated that the uptake of these solutes is governed by partition, rather than adsorption. The distribution constants of these organic nonelectrolytes have been found to increase with the octanol-water partition coefficient.
Our present concern is to elucidate the uptake characteristics of inorganic nonelectrolytes by ion-exchange resins.
It has been reported by many workers that polyiodide ions, such as triiodide and pentaiodide, exhibit extremely high affinity for quaternary ammonium strong-base anion-exchange resins in aqueous solutions.45 The triiodided resin is now being used as a disinfectant for water. For this use, attempts have been made to release the controlled low levels of iodine from anion resins, to which iodine molecules are strongly retained. 6 The extremely high affinity of molecular iodine for anion-exchange resins was first reported in 1953 by Sekino, 7 who found that, in obtaining iodide and iodine from subterranean brine using anion-exchange resins, free iodine liberated by the oxidation of iodide was molecularly adsorbed on resin particles in situ.
It is interesting to compare the uptake behavior of organic nonelectrolytes with that of inorganic molecular species in aqueous solutions in the presence of ion-exchange resins. Here, we employed iodine and its homolog, bromine, as inorganic solutes. The affinity of bromine for anion-exchange resins was also discussed by Sekino,7 though quite briefly.
Experimental
Materials Ion-exchange resins of 100 to 200 mesh used in this study, Dowex 50W (Ch form) and Dowex 1 (H+ form), and their conditionings were described previously.13 Iodine and bromine were of analytical grade, commercially available from Wako Pure Chemical Co., and were used as received.
f To whom correspondence should be addressed. E-mail: sanemasa@ sci.kumamoto-u.ac.jp
Measurements of solute uptake by resins
When iodine was used as a solute, a vapor-circulation technique described in previous papers38 was used to prepare aqueous solutions saturated with the solute. The iodine solute vapor was generated by bubbling air through a cylindrical separatory funnel, in which an excess amount of solid iodine was placed together with water. The vapor was dispersed via a glass capillary through an aqueous solution of ca. 100 cm3 at 25°C, to which ion-exchange resin particles of 2 to 10 g for the cation exchanger, or 0.5 to 1 g for the anion exchanger, were added in advance. The vapor was circulated in a closed system for a prescribed time to reach equilibrium: ca. 1 h for cation exchangers and ca. 3 to 5 h for anion exchangers. It can be easily judged by observing the color of the aqueous phase to attain equilibrium.
After equilibrium had been reached, the aqueous solution containing the cation exchanger was transferred to a centrifuge tube of 10 cm3 capacity. The supernatant was removed and a 5-cm3 portion of cyclohexane was added. Then, the stoppered centrifuge tube was vigorously hand-shaken, and finally centrifuged for 10 min at 3000 rpm.
Absorption of the cyclohexane phase was measured at 528.5 nm. The content of the centrifuge tube after an absorption measurement was transferred to a sintered glass filter, and the recovered resin particles were washed with water by suction. A glass filter with resin was dried at 80°C and weighed.
As for anion exchangers, an aqueous solution containing resin particles of ca. 100 mg was transferred to a sintered glass filter.
A few drops of a commercially available sulfurous acid solution (ca. 5% as SO2) and a 1 M NaCl solution were added to the glass filter to elute iodine in the form of iodide from the anionexchange resin. The filtrate was diluted with distilled water, and its known volume was treated with 0.5 cm3 of H2SO4 (1 + 1) and 1 cm3 of 3% H2O2 to oxidize iodide to iodine, followed by extraction with cyclohexane and by an absorption measurement.
The glass filter with the resin was dried at 80°C and weighed.
When bromine was used as a solute, the vapor-circulation technique was not applicable to such a highly volatile solute. and the aqueous phase; resin particles seem to be an organic solvent. In the present study, however, the uptake mechanism of the bromine-anion exchanger system appeared to be adsorption rather than partition.
In an attempt to obtain some information about the uptake mechanism by anion-exchange resins, we examined microscopically, as described in a previous paper,2 using As has been shown by many workers, anion-exchange resins exhibit strong affinity for iodine, and also for bromine. The distribution constants (K) for cation-exchange resins are small:
18.1 for X-4 and 7.70 for X-8 (see Table 1 We cannot conclude here which is more reasonable.
The effect of cross-linking of the resin on the uptakes of iodine and bromine is consistent with our previous data.13 The lower cross-linking is favorable for the cation exchanger. This is probably due to the decrease in the solute migration resistance in the resin phase. On the other hand, the higher cross-linking is favorable for the anion exchanger to contact more tightly with solute molecules.
